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The Dark Energy Survey (DES) is a 5000 sqg. deg wide-field The model is fit to the data by minimizing the least-squares An important check on the optics model is to examine the Measurements of the Zernike polynomial coefficients in the
survey with the Dark Energy Camera that attempts to difference between linear combinations of weighted adaptive variability in the measurements of our baseline reference model. baseline model indicate the presence of complex wavefront
constraint the dark energy equation of state to high precision second moments of model and data stars as measured by the The baseline model is taken from several exposures of the aberrations due to atmospheric or dome seeing. These patterns
through a combination of weak gravitational lensing hsm algorithm, which is an iterative method that uses an defocused focal plane over several nights. Measurements across span several CCDs and are difficult to model with low-order
tomography and other astrophysical probes. elliptical Gaussian weight to match to the measured image. The several nights indicate that the average model is stable, cartesian polynomials. Further work is needed to determine the
linear combinations correspond to the size and the however, there are complex structures that appear in a given best methods of accounting for these structures.
In order to do weak gravitational lensing, the shapes of galaxies unnormalized ellipticity: exposure which change on the timescale of an exposure. We -
must be extremely well measured. However, these shapes are eqn = 1. 4+ 1T e — . o — 2] have deduced that these must arise from atmospheric seeing. - - . I
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alignment. The model allows for constant offsets in defocus, astigmatism, U j.‘i.
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Current methods for handling the PSF involve empirical local and coma (Z 5-8). The model also fits the Fried parameter, jit e | h | oSy e | L | |-
(CCD-level) cartesian polynomial interpolations from observed which characterizes the Kolmogorov kernel of the atmospheric i "W, e e e e
stars to the measured galaxies. This method is borderline seeing, and constant ellipticity modes. The fit is minimized using I ' : e
sufficient for current DES data, lacking for final DES the MIGRAD algorithm in the MINUIT package, which R R ST 2 , "b I:':
observations, and grossly insufficient for the LSST era. implements a Davidon-Fletcher-Powell variable-metric method. S — T , I S 1“. -
A typical exposure has thousands of stars across the field of " - - 0 % | ' ! | ;’ %. ﬁ
In wide-field surveys, the optical component of the PSF will view, while our model has twenty-one free terms. I . i "“ 4 by W | L B A bof |-
vary with location on the focal plane in a complicated manner e s e 0 -_i'F_I_E{' i - L - “I,;: | . # ik I 00000
and will change due to misalignments of the camera with the . g . I IE; L o YLl B ‘.i': N o N o
telescope. Modeling the optical PSF provides a potential avenue B . . . | ] _
for improving the interpolation of the PSF to galaxies by o : R N —— I I b Figure 5. The size parameter e0 of two concurrent exposures
_incorporating prior physical information. ) Ly 4 S marred by atmospheric seeing. The model is able to account for
L o e bt some of the structure, but the residuals show a varying wave-
Lo N Lo ] I _, F ! g like structure similar to that in Figure 3 for which the model
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The optical contribution to the PSF is encoded in the coefficients millimeters, while the colors are the linear combinationsof | | e e S . .
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of the Zernike polynomials. A baseline model is obtained by unnormalized second moments, in arcseconds squared. I I I
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Figure 2. Another example fit, this time represented as a Figure 4. Like Figure 3, but now we show the predicted shape : : . . N
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: . : . : - and Kevin Reil for numerous useful discussions.
the residual whiskers, calculated from the differences in wave-like structures observed in Figure 3 propagate to our
This physical model motivates our decision to fit some, but not moments. Notice the correlated structure in the residuals from measurements of the PSF.
all possible linear modifications to the baseline model. aspects of the PSF that the model cannot capture.
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